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In July, 1978 a series of holes extending from the 
bluffs along Lake Sakakawea , north of Riverdale , North Dakota, 
to 3 miles northwest of Underwood, North Dakota , were drilled 
by the North Dakota Geological Survey . An attempt was made 
to drill to bedrock at all locations. Samples were taken 
and f i eld descriptions were recorded . During the winter of 
1978 and 1979 a laboratory analysis was made of the grain 
size and lithology of the samples taken and the very coarse 
sand fraction, respectively . This paper is a report of the 
findings of that analysis and the application of those find-
ings to correlating the studied sediments. 
Puruose 
In this paper, the Medicine Hill Formation , Horseshoe 
Valley Formation , and Snow School Formation will be correlated 
using lithol ogy of the very coarse sand. Suggestions will 
be made for other useful methods of physical correl ation. 
Area of Study 
The section studied was the Pleistocene sequence from 
the bluffs along Lake Sakakawea , 2 miles north of Riverdale , 
North Dakota, at T. 14?N., R. 84# ., Sec .22ddb, extending in a 
straight line southeast for 9 . 8 kilometres to a point at 
T .146N. , R. 8JW . , Sec . 4dad and then east 4 . 9 kilometres to 
point T. 146N ., R. 82W ., Sec .6cbb. 
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Il" ethods of Study 
•. ells were drilled about 1 . 8 kilometres a nart . At 
each well , an effort was made to auger and core t o the base 
of the Pleistocene deposits , but this was accomplished at 
three of the eight locations . 1 inch (2.54 centimetres) 
cores were taken at intervals of 1 . 5 metres depth , and random 
grab samples were taken off the auger flights in between 
core samples . Average retrieval was O.J metres of sample . 
Lab analysis of samples included grain- size analysis 
and very-coarse-sand petrographic analysis . 
The grain- size analysis-- the relative amounts of sand , 
silt and clay- -wer e determined us i ng the sieve and hydrometer 
method developed by S.R. Moran (1976 , p . 50) and used in the 
North Dakota Geological Survey laboratory . Weights were 
measured and percentages of total weight were determined 
for sand , silt , and clay. 
The very-coarse-sand (l . Omm-2 . 0mm) from the texture 
analysis was examined under a microscope , and the grains 
were divi ded into crystalline grains , carbonate grains, 
and shale grai ns , and miscellaneous categories . The mis-
cellaneous grains included lignite, agate, chert , scoria, 
concretion , gypsum , and selenite . Each core and grab sample 
was counted separately . 
The grains were added and two percentages were calcu-
lated . One percentage was based on the total count and the 
other was based on the sum of only the crystalline, carbonate, 
and shale grains . 
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Over JOO grab and core samples were taken from the study 
area and adjacent Falkirk Kine area . The author participated 
in the operation at each phase of the grain-size analysis , 
including counting all the sand grains . David Lechner, North 
Dakota Geological Survey lab technician, performed the grain-
size analysis on all the samples used in the study. 
Previous Work with Notes on Terminology 
Initial studies of glacial sediment in North Dalcota 
began with the study and naming of drifts. Clayton (1966) 
summarized the named drifts of North Dakota. "The drifts 
were deposited during named phases , which are subdivisions 
of stades , a geologic-c:;.imate unit " (Clayton,1966,p . l). 
Clayton (1966) s t ated that drifts "are referred to as episodes 
or units of time rather than as bodies of rock ." 
Dreimanis (1976) defines glacial drift as "any material 
which is , or has been , transported by glacial ice; it could 
be still in transport , in or on a glacier, or be already 
deposited by glaciers, icebergs, or meltwater. " In the rock-
body sense drift is often confused with till. 
The material deposited by glaciers is 
called glacial sediment or till. Three 
different kinds of glacial sediment can 
be recognized: lodgment till (deposit-
ed as a result of tractive drag at the 
base of a moving glacier) , meltout till 
(deposited supraglacially or subglacially 
from inactive ice , without subsequent 
reworking), and flow till (supraglacial 
rneltout till that has been remolded in 
mudflows)" (Clayton ,1978 , p . 16 . 4 . l) . 
Clayton ' s definition of till will be used in this report ; 
however, no attempt will be made to distinguish which type 
of till is present. 
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Correlation is another term that deserves mention . 
Correlation was originally defined as the process of determ-
ining whether two or more separate bodies of rock "are or 
were once part of the same li thologic body of rock" (I,:intz, 
1977 ,p . 202) . It became necessary to give correlation two 
meanings. 
Time correlati on refers to the process 
of determining whether two rock bodies 
were deposited at the same time; and 
~ock correlation to the process of de-
terminin(?; whether two rock bodies are 
(or were) really part of the same litho-
logic rock body" (r11intz ,1977 , p.202) . 
This report is concerned with formations which are litho-
stratigraphic units therefore whenever correlation is used 
in this report it means rock correlation. 
Clayton (1966) continued by stating that "named surface 
drifts are lithologically indistinguishable on a regional 
scale and therefore belong to a single lithostratigraphic 
unit ." 
Bluemle (1971) named the Coleharbor Group stating 
that " in North Dakota all glacial sediments belong to the 
Coleharbor Formation. " Bluemle (1971,p .17) continued by 
saying that "by designating a formal rock unit, the Coleharbor 
Formation , it becomes possible to avoid the common practice 
of treating glacial deposits and bedrock in two different 
ways ." The transistion was complete from drifts (geologic-
climate units) to formations (lithostratigraphic units) . 
Bluemle suggested that other formations may be named in the 
future and that the Coleharbor Formation may be subdivided. 
e 
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The type section of the Coleharbor Group is " JOO yards south 
of the mouth of Dead Man Coulee at location T . 14?N . ,R . 84W. , 
Sec.22abb, McLean County, North Dakota" (Bluemle,1971 , p.l?) , 
This location is along the bluffs north of Riverdale . 
Ulmer (1973) studied the Coleharbor Formation at the 
type section and adjacent areas and subdivided the formation 
into three new formations: The Snow School Formation, the 
Horseshoe Valley Formation , and the Medicine Hill Formation. 
Table 5 is an outline of the three formations as described 
by Ulmer and Sackreiter (1973) . 
This report represents the first step in the correlation 
of these formations in the subsurface . 
Report of Findings 
Five useful criteria for correlation were derived from 
the field descriptions, the grain size and the sand counts. 
They are driller comments from field descriptions, unique 
features, color, erain si?e, and sand lithology. 
Field descriptions include estimation of grain size, 
color, distinctive characters such as fracture zones, an 
estimation of most abundant lithology, and driller comments 
such as when a gravel zone was encountered. The fie ld des-
criptions are included in the Appendix . 
The findings indicate that field descriptions are some-
what unreliable. The estimations of texture and most abundant 
lithology :o not match laboratory analysis of texture and sand 
lithology. However color, distinctive characters , and driller 
comments can be very important in correlation. 
6 
The two types of unique features in this study are (1) 
unique or abundant grain lithologies and (2) special char-
acteristics such as mottling or peppery appearance. 
The nettling of the Medic ine Hill Formation and the pep-
pery appearance of the Horseshoe Valley Formation seem to be 
reliable criteria for correlation . Examination of the correl-
ation worksheets (in the Appendix) shows that mottling is 
present at five of the eight intervals des ignated r1.edicine 
Hill Formation. Mottling was also present in one interval 
designated Horseshoe Valley Formation . The peppery appear-
ance was present in one of the formation intervals designated 
Horseshoe Valley Formation and Snow School Formation . 
Abundant lignite (greater than 10 percent of total count) 
was present in th1·ee of the eight intervals designated Medi-
cine Hill Formation but was also found in minor amounts 
(less that 5 percent of total count) in the SnoH School For-
mation and the Horseshoe Valley Formation . 
Abundant scoria and some (5 percent to 10 percent of 
total count) scoric1. ·:1ere found in five of the eight locations 
designated Medicine Hill Formation although the other special 
lithologies indicative of the Medicine Hill Formation were 
never found beyond minor amounts . 
One unusual lithology was found: gypsum rose crystals 
were abundant in one interval designated t'.edicine Hill Forma-
tion and in minor amounts in an interval defined to be Horse-
shoe Valley Formation . 
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Special grain types and lithologys should be given 
special attention only if they are abundant . Overlying 
formations may contain ~1edicine Hill grain types but not in 
abundance . 
Color is taken directly from the f i eld descript i on and 
as a correlation criterion is somewhat vague . Ulmer and 
Sackreiter (1973) gave somewhat similar colors for all fresh, 
dry samples . Below the water table , color is useless as a 
correlation criterion because gray becomes dominant below the 
water table. None of the colors recorded matched up perfectly 
with the Munsell colors given to the formations by Ulmer and , 
Sackreiter. It was necessary to try to match up the color 
listed in the fiel d description to the color by Ulmer and 
Sackreiter (1973) when trying to correlate with color . 
Color can be used as a secondary criteria in making sub-
jective judgments about unit boundaries. 
Before discussing grain size and Gand lithology it is 
necessary to comment on sampling , statistical analysis , 
and statistical reliability . May and Dreimanis (1978) suggest 
that " lackirn-; prior knowledge concerning the variability , or 
bedding , of a till unit, some combination of channel sampling 
and spot sampling be utilized" . They to on to recommend: 
Spot samples should always be taken 
using the stratified random design. -::: 
It is suggested that the lower one-
half to one metre of a till unit be 
excluded when characterizing the en-
tire unit since this basal protion 
usually contains locally derived 




The sampling technique was to drill a hole and begin 
grabbing samples from each auger flight and then begin coring 
at the top of the first unit of till encountered . Coring 
was done every 1 .5 metres and grab samples were taken off the 
auger flights at random. This method of sampling could be 
called systematic and stratified random sampling . 
Systematic saMpling is the process 
in which the first sample is se-
lected randomly and subsequent 
samples are taken at a uniform in-
terval from the first; and strati-
fied random sampling is the process 
in which each sample is randomly 
selected from within a predeter-
mined uniform interval" (l\1ay and 
Dreimanis,1976 ,p . lOO) 
Following laboratory analysis , worksheets were drawn 
up for each well , comparisons of all data were made, and the 
wells were divided into correlation intervals (dorksheets 
are included in the Appendix of this report) . The percen-
tages of grain size and very coarse sand lithology for these 
formations were then used for statistical analysis . Percentages 
for the entire unit were used, the percentages for half or 
the lower 1 metre of the unit were not disregarded . They were 
not disregarded for two reasons . First , Ulmer and Sackreiter 
(1973) described the entire unit and a ny further work should 
continue to consider the entire unit. Secondly , vertical 
variability is considerable and therefore data from the 
entire unit is necessary . 
Mean , variance, standard deviation, and coefficient of 
variation were computed from the percentages for each unit at 
each well . 
l 
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Mean is defi ned as the arithmet i c average . The stan-
dard deviation is a measure of the spread of percentages 
around the central port ion of the percentages . 
variance measures absolut e variation 
and can onl y be used either to compare 
the variability of the same attribute 
in different samples . The coefficient 
of variation measures relative varia-
tion and t hus can be used either to 
compare the variability of two attrib-
utes in different samples , or to compare 
the variability of different attributes 
in one sample (r.1ay and Dreimanis , 1976 , 
p . 104) . 
An F- ratio was comput ed and the groups of percentages 
at each ·Nell were determined to be s i gnificantly different . 
Percentages of grain s i ze (sand , silt and clay) were 
calculated for each well . Statistical data for the texture 
analysis is shovm on tables 1 and 2 and graphs 1 , 2 and 3 
and the triangular plot . 
Tables 1 and 2 and their graphical representation , 
graphs 1 through 3 , show that the Snow School Formation i s 
primarily silty (graph 1) . Sand and clay fluctuate as the 
second most abundant fraction , and at one point sand i s most 
abundant . Sand has the greatest variance between samples 
in four of t he six intervals , clay is also qui te variable and 
both sand and clay vary a great deal in each well . 
The Horseshoe Valley Formation is pri marily silty but 
the sand and clay are less variable both between samples and 
within each interval than in the Snow School Formation . 
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The r::edicine Hill Formation is highly silty with an 
occasional sharp variation in the separate fractions . The 
Medicine Hill Formation is the least variable in texture over 
the area covered . Hell 5015 probably represents a unique 
situation . 
Percentage grain size plotted on a triangular plot tend 
to suggest that texture is a poor way to distinguish the three 
formations from each other . 
The results of the sand analysis are shown on tables 
4 , 5, and 6 and the triangular plot . 
The Snow School Formation is highly crystalline in sand 
lithology and only slightly shaly . The tables indicate that 
all percentages vary from a small percentage to a large per-
centage within each sample . Variation within samples is great-
er than variation between samples . 
Crystalline grains are most abundant in the Horseshoe 
Valley Formation but less abundant , on a percentage basis, 
than in the Snm1 School Formation . There is no discernible 
pattern in the variance or coefficient of variation figures . 
The l\.edicine Hill Formation has a large amount of shale, 
but once again the ratios vary greatly within and between 
samples . The carbonate percentage varies the greatest within 
samples but not considerably more than others. 
The downhole percentage graph (graph?) indicates that 
the relative percentages are quite consistent in the different 
zones with sharp transitions at formation boundaries . The 
triangular plot suggests that the sand lithologys are indeed 
a feasible way to pick formations . Patterns develop on the 
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triangular plot and linear graphs. 
Summary 
The results of this study indicate that sand lithology 
is a good criterion , even when used alone, for the differ-
entiation of the Medicine Hill Formation , Horseshoe Valley 
Formation, and Snow School Formation. The r,:edicine Hill 
Fornation with it ' s high crystalline content :.s distinguish-
able from the more even ratios of the Horseshoe Valley For-
mation . 
A restricting factor might be that the percentages will 
change with distance. Over the 14 kilonetres covered in 
the study one or another lithology was greatest for each 
till unit, only the ratio changed. While the ratio might be 
50 : 30:20 at one location, the ratio might be 80:15:5 at ano-
ther location for the same till unit, with lithologys in the 
the same sequence in the ratio . 
The nean percentages remain constant even where an uncon-
formi ty exists . For ex8.mple, on the dovmhole graph, well 
5009 makes a shift from the highest crystalline count of the 
Snow School Formation to the highest shale count of the 
~edicine Hill Formation . 
The formations seem to each have a consistent compo-
sition vertically . The hie;hest and lowest percentages remain 
constant v1hen either close to the overlying or underlying sed-
iment. This would suggest that glaciers mix well all the 
sediments they transport. 
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A second useful criterion are the unique features 
of the formations. r ottling of the r·edicine Hill Formation 
and the peppery appearance of the Horseshoe Valley Formation 
are particularly useful. Abundant lignite is an excellent 
indicator of the Iledicine Hill Formation . A problem mi~ht 
arise where a hole was eroded in the medicine Hill Formation 
and the subsequent phase overrode the bedrock directly , re-
sulting in a similar lithology as the r:edicine Hill Formation . 
Color can be helpful but must be cautiously recorded . 
Color was used in this report to verify a formation pick 
but never as a single or primary criterion. 
Texture can be useful when it is a consistent percent-
age through the formation and then changes suddenly and re-
mains constant through the next formation . For example, the 
r:edicine Hill ForMation of well 5008 is a constant texture 
throughout the tested interval. In the field descriptions 
of the cores, such items as fractures indicative of columnar 
jointing should be noted and gravel zones should be noted. 
Gravel zones often occur at the for1:1;:ition boundaries . 
In conclusion, the formations can be correlated through 
the area studied using the lithology of the very-coarse-sand 
fraction as a primary correlation criterion . Returning to 
the information in the field descriptions , one can verify the 




STATISTICAL DATA FOR GRAIN SIZE 
Snow School Formation 
.'lell 501Z .'fell 500a ;/ell 5009 /ell 5010 
Sand Silt Clay Sand Silt Clay Sand Silt Cl ay ,·. .... --- ·-- - -- ' 
X 30,4 36 .6 33 . 0 X 35,5 JS_. 5 26 . 0 X 28 . 2 37 .6 33.0 
s 2 .2 3. 4 0.4 s 12 . 3 0.2 9. 0 s 13 .4 2 . 6 4 .8 
s 1 .5 1 . 8 0 .6 s 3. 5 0. 5 3, 0 s 3. 6 1.6 2 .2 
V 4. 9 5.1 1 . 9 V 9. 8 1 . 3 11 . 5 V 13 . 0 4 . 3 6 .6 
Horseshoe Valley Formation 
Sand Silt Clay 
X 28 . 7 37 .2 33 .7 
s 12 . 7 4 . 7 3 , 7 
s 3 . 6 2. 2 1 .9 
V 12,5 5 .8 5 . 7 
It edicine Hill Formation 
Sand s i rt Clay Sand Silt Ciay San S;il t Clay 
X 21 . 0 44.0 35.0 X 22 . 0 45 . 0 33.0 X 32 . 0 36 . 0 32 . 0 
s o.o o.o o.o s 0. 8 1.6 0.4 s 4.0 1.0 1 . 0 
s o.o 0. 0 o.o s 0. 9 1 . 3 0.6 s 2 . 0 1 . 0 1 . 0 
V o.o o.o o.o V 4.1 2 . 8 1.9 V 6 . 2 2 .8 3 ,1 
X Lean 
s Variance 
s Standard deviation 
V Coefficient of variation (all data based on percentages) 
e e e 
TABLE 2 
STATISTICAL DATA FOR GRAIN SIZE 
.snow School Formation 
,lell 5011 well 5012 1•/ell 5013 dell 5015 
Sand Silt Clay Sand Si=..t Clay Sand Silt Clay 
X 29 . 0 37 . 7 33 . 2 X 38 . 5 35 . 2 23.5 X 30 . 5 36.7 32 . 7 
s 9 . 5 1 .2 4 .2 s 47 . 2 3.7 10.2 s 1 . 2 3 .7 6 . 7 
s J . l 1 .1 4 . 2 s 6.9 1.9 J .2 s 1 .1 1.9 2 . 6 
V 10 . 6 2 . 9 6 . 2 V 17.8 5 . 4 13.6 V 3 . 7 5.2 7.9 
i----
Horseshoe Valley .t"ormation 
Sand Silt Clay Sand Silt Clay Sand Silt Clay 
X 33 . 0 37 . 0 30 . 0 X 29 . 3 37 . 7 J3 . 0 X J3 , 2 34 . 5 32 . 2 
s 12.5 6.5 2 . 0 s 0 . 8 0 . 2 0 . 7 s 1.7 2 . 7 0. 7 
s 3 . 5 2.5 1.4 s 0 . 9 0 .5 0. 8 s l . J 1 . 7 0. 8 
v l0 . 7 6.9 4 . 7 V 3 . 2 1.2 2.5 V 3 . 9 4 . 8 2 . 6 
r edicinP Hill For·1ation 
Sand Silt Clay Sand Silt Clai Sand Silt Clay Sand Silt Clay X 28 . 2 45 . 2 26 .7 X 26.2 4J .4 JO. X 28 . 4 38 . 7 32 . 9 X 29 . 4 37 ,4 33.3 
s 5 .4 10 . 7 15 . 7 s 1 . 4 107.0 94 .2 s J .1 2 . 7 1. 0 s 32 . 7 16 . 6 80 . 6 
s 2 . J 3.3 4 . 0 s 1 . 2 10.J 9 . 7 s 1.8 1 . 6 1. 0 s 5.7 4 .1 Q.O 
V 8 . 2 7 .2 14-.8 V 4.4 23 . 8 31 . 9 V 6. J 4 .2 J . O V 15.6 17 . 1 22.8 
!. 1',~ean 
s Variance 
s Standard deviation 
V Coefficient of variation (all data based on percentages) 
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STATISTICAL DATA FOR VERY COARSE SAND LITHOLOCY 
Snow School Formation 
,,ell 5014 1e11 500S Nell 500Q Well t:;Ol(' 
Xln Garb Sh Xln Garb Sh Xln Carb Sh 
X 41 . 7 J2 . J 26 . 0 X 56 , 5 35 , 5 8 . 0 X 51 , 0 28 . 8 19 . 8 
s 20 . 7 24 . 7 7 , 5 s 12 . 2 0. 2 9 . 0 s 14. 0 7 , 0 lJ . 8 
s 4 . 5 5 . 0 2 . 7 s 3 , 5 0. 5 J . O s 3 , 7 2 . 6 3 , 7 
V 10 , 9 15 , 4 10 . 5 V 6 . 2 1.4 0 . 4 V 7 . 2 9 .2 18 . 7 
Horseshoe Valley Format i on 
Xln Carb Sh 
X 38 , 2 30 . 5 Jl . 2 
s 2 . 2 33 . 2 48 . 2 
s 1 . 5 5 . 8 6 . 9 
l J , 9 18 . 9 22 . 2 
dedicine Hill Format i on 
Yln Garb Sh Xln Carb Sh Xln Carb Sh 
X 29 , 7 24 . 0 Li-6 , 3 X 34 ,2 23 . 6 42 .2 X 38 , 0 17 . 0 45 . 0 
s 21 . 5 14 . 0 50 . 9 s 29 .4 27 . 4 51 . s s o.o 9 . 0 9 , 0 
s 4 . 6 3 , 7 7 . 1 s 5 , 8 5 , 2 7 . 2 s 0 . 0 3 , 0 J , O 
V 15 , 6 15 . 6 15 , 4 V 15 , 8 22 . 2 17 . 0 V o.o 17 .6 6 . 7 
x rrean 
s Variance 
s Stan1ard deviation 
V Coefficient of variation (all data based on percentages) 
e e e 
TABLE 4 
ST•\TISTICAL DATA FOR VERY COARSE SAfl!D LITJ-fOLOGY 
Snow School Formation 
,1ell 5011 ':/ell 5012 Well 5013 \'Tell 5015 
Xln Garb Sh Xln Garb Sh Xln Carb Sh • , ... .. , · . ----- .., ... - ... X 51.0 32 . 5 26 . 5 :X 79 . 7 20 . 0 0 . 2 X 54.0 31 . 0 15 . 0 
s 14.0 J4 . 2 88.2 sl20 . 0 124. 5 0 . 2 s 24 . 5 16 . 0 4 . 5 
s J . 7 5 . 8 9 . 4 s 11.0 11.0 o. 4 s 4 . 9 4 . 0 2 .1 
V 7.J 18.0 35 . 0 V 13.8 55 . 8 2 . 2 V 9 . 2 12 . 9 14 .1 
Horseshoe Valley Formation 
Xln Garb Sh Xln Carb Sh - Xln Garb Sh 
X 41 . 2 25 . 0 33 . 7 X 37 . 3 28 . 7 34 . 0 X 33 . 2 33 , 0 33 , 7 
s 10.7 9 . 5 15.7 s 11 . 5 6 . 9 2 . 0 s 65 .7 52 . 0 30 . 7 
s 3 , 3 3 .1 4 . 0 s 3 .4 2 . 6 1 . 4 s 8 . 1 7 . 2 5 , 5 
V 7 . 9 12.3 11 . 7 V 9 . 1 9 .1 4 . 1 V 21.:,.4 21 . 8 16.4 
fiiedicine Hill Formation 
Xln Garb Sh Xln Garb Sh Xln Garb Sh Xln Garb Sh 
X 31.2 29.2 39 . 5 X Jl . 2 22.4 L1-8 . 4 X 33 .6 22 .2 44 .1 X 36 , 7 23 . 9 39.4 
s 10.7 47.2 57 . 2 s 9 . 0 J4 . 6 52 .2 s 15 . 2 17.4 Jl . 8 s 32 .7 16.6 80 . 6 
s 3 , 3 6 . 9 7 . 6 s 3 . 0 5 . 9 7.2 s 3 . 9 4 . 2 5 , 6 s 5.7 4 . 1 9 . 0 
V 10.5 2J , 5 19 . 1 V 9 . 6 26 . 3 14.S) V 11.6 18 . 8 12 . 8 V 15 .6 17 . 1 22 . 8 
X r•."ean 
s Variance 
s Stan~ard deviation 
V Coefficient of variation (all data based on percentages) 
e e e 
':lell ''/ell ':/ell .,iell 
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TABLE 5 • 
CHARACT~RISTICS OF SNOW SCHOOL , HORSESHOE VALLEY: AND MEDICINE HILL FORMATIONS 
* Field Description 
Pebble-loam, very compact, 
columnar jointing. 
Pebble-loam and alternating 
beds of sand silt and clay 
in places. Generally not 
bedded. 
Poorly sorted silt, sand, 
pebbles, cobbles and boulders. 
Poorly cemented and stained 
with Fe-oxide. Overlying 
iron-stained unit f ine to med . 
white qtz. sand. 
Pebble-loam, very compact 
and non-bedded . Distinct 
columnar jo inting . 
Conglomerate , Fe-stained 
reddish bro\'m. Silt, sand, 
pebbles, cobbles and boulders. 
White qtz sand on top. 
Pebble-loam, very compact and 
nonbedded. 
Pebbles, cobbles and bldrs. 
e 
SNOW SCHOOL FORMATION 
* Spec ial Features 









Fe-stained con- Reddish- J7-5J-12 
cretions and s i- brown 
liceous rock types. 
Weathered lignite 
frags. and round-
ed gypsum xtals. 
Fe-stained con-
cretions and some 
siliceous rocks. 




and a few weather-
ed lignite frags . (2,5Y 7/~) 29-36-34 
Sandstone , con-
cretions and sili-
ceous rock types. 
MEDICINE HILL FORMATION 
Mottling , abnt. lig-
fragrnents, selenite 
xtals, and large 
clayey silt inclns. 




( 2. 5Y 8/4) 
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TRIANGULAR PLOT FOR GRAIN SIZJ AND VERY COARSE SAND LITHOLOGY 
Gm . Size Crs . Snct . 
Snow School Formation ~~.~~ ~~o~~ 
Horseshoe Valley Fm. .& b. 













WELL # 501!i LOC. 147-84-22ddb ELEV. 1940' / 591 1 1m TOTAL DEPI'H 38 1 / 11 , 6m 
depth field description special features color snd- slt-cly xln-carb-sh 
0-2 silt, clayey 
(o - ·"' ) 
yellow-brn, 7-76-18 
2-7 silt, clayey 
(.1.1-2. .13 
3 acicular Ls . 7-74-19 
grains 
7-12 pebble-loam, Fe- some caliche grs. 
(:t..i,- i.1.1. oxide staining 
6-66-28 
12-17 pebble-loam 
J.<.<.-s:18) some caliche grs . light oliv 29-39-32 
-brn. 
17-18 pebble-loam, Fe-




staini ng, small 
concretion grs. 
22-27 pebble-loam, hard 
(f..'f- e.u) bumpy drilling, 
gravel layer 
27-28 pebble-loam and white and dark 
(a.1.~ - u fine to med . well grs . in sand 
-sorted sand near 
bottom of core 
27-12 pebble-loam 







37-38 pebble-loam with 
(iDt - ,,.stJ selenite xtals 
and med. sand 




(2 .5Y 5/4) 
light olive 30- 37-33 
-brn. 
(2 .5Y 5/4) 

































WELL lf 5QQ6 LOC . 1~Z-84-2Zaaa ELEV . 1225' L 586. zm 
- depth fie l d description s pecial features color 0-3 silt gray-brn. 
3-8 silt and very fn. yellow-brn. 
sand 
8-12 silt and very fn. yellow-brn. 
sand 
12-13 pebble-loam 
13-18 pebble-loam yellow-brn . 
(2.5y 4/4) 
18-23 pebble-loam, yellow-brn . 
gravel zone from (2 , 5Y 4/4) 
18 ' to 20 ' 
23-28 nebble-loam mottled with red gray 
ochre mottles (2 • .5Y 4/2) 
28-29 pebble-loam mottled gray 
(2 . 5y 4/2) 
28-33 pebble-loam mottled gray - (2.5y 4/2) 33-38 nebble-loam mottled gray 
(2 . 5y 4/2) 
38 pebble - loam mottled gray 






















WELL # 5QQ9 Loc .1~2-B4-25~bb ELEV . 123Q' L 'iB8 . 3m TOTAL DEPTH 62' L ZQ .4m 
e depth field description special features color snd-slt-cly xln-carb-sh fm ft. -
0-2 silt 
2-7 silt 
7-12 silt and pebble-
loam 
10-12 pebble-loam, re- , gray 31-36-33 50-34-16 
oxide staining (2 • .5Y 4/2) 
12-13* pebble-loam, Fe- gray 30-39-31 55-28-17 
oxide staining (2.5y 4/2) 
12-17 pebble-loam gray 
(2 . 5Y 4/2) 30-37-33 45-27-26 
17-18* pebble-loam, with gray 29-40-31 50-28-22 
secondary calcite (2.5Y 4/2) 
in joints 9. 




22-23* sand, fine to med yellow-brn. 
(2 • .5Y 6/2) 
36-37* pebbl e-loam yellow-brn . 
(2 . 5y 4/4) 
23-44-33 31-17-52 
37-42 pebble-loam mottled with red- gray 22-44-34 26-30-44 
brn in part (2.5y 4/2) 
42-47 pebble-loam gray 
(2. 5y 4/2) 
21-46-33 35-18-4'/ 
47-52 pebble-loam gray 
(2.5Y 3/2) 
23-44-33 37-28-35 
57-62 pebble-loam gray 
(2. 5Y 3/2) 
21-47-32 42-25-33 
67 silt, slightly olive-brn. 2-67-31 0-0-0 
clayey 
31 
WELL # 5010 LOC. 147-84-11bbb ELEV. 1940' / 591.3m TOTAL DEPTH 63 1 / 19 , 2m 
- depth f ield description special featur es color s nd-slt-cly xln-carb-s h fm 0-2 s ilt 
2-7 silt , 6 11 boulders (10YR 3/3) 
and pebble-loam , 
very stony 
7-8* 8" colluvium and yellow-brn . 
slope wash, 8 11 (2 . 5Y 4/4) 
pebble-loam 
7-12 pebble - loam, very 
stony 
12- 13* pebble - loam some kl inker yellow-brn . 
(2 . 5y 4/4) 
34-35- 31 38-14-48 
12- 17 pebble-loam abnt. klinker yellow-brn. 
(2. 5Y 4/4) 
30- 37- 33 38- 20-42 
17-18 sand , bedrock yellow-brn. 9. 
( 
32 
WELL# 5011 LOC. 147-84-Jldaa ELEV. 1950' / 594,4m TOTAL DEPTH 67 ' I 20.4m 
e depth field description special features color snd-slt-cly xln-carb-sh fm ft. 
0-2 silt rayish-brn . 
7-8* pebble-loam, ark grayish 27-38-35 46-40-14 
slight Fe-stain -brn. 
and scoria, stony 






17-18 pebble-loam, lime some klinker ellow-brn. 29-38- 33 49-29-22 
and lignite incl. (10YR 5/6) 
17-22 oebble-loam light olive 34-36-30 36-25-39 
-brn. 
(2.5Y ,/4) 
22-23 6 .. sand, fine light olive 61-24-15 23-15-62 
grained, well -brn. 
sorted (2 .5Y 5/4) 
1' pebble-loam, olive brn. 31-38-31 45-23-32 
Fe-stains in (2.5y 5/4) 
fracture zones 
e 22-27 pebble-loam some klinker dark grayish 39-33-28 44-27-29 -brn. 
(2 . 5Y 4/2) 
27-32 pebble-loam some gypsum rose ery dark 32-38-30 36-25-39 
xtals, and some grayish-brn . 
klinker (2. 5Y 3/ 2) 
32-33 pebble-loam, li~- very dary 30-40-30 41-28-31 
nite inclusions ra:yish brn. 
near bottom (2.5Y 3/2) 
32-37 pebble-loam, olive-brn. 31-37-32 44-20-36 
many lignite in- (2 . 5Y 4/4) 
clusions 
37-38 pebble-loam, sand olive-brow?\ 
on very bottom (2.5Y 4/4) 
42-43 pebble-loam mottled? brownish light gray- 28-46-26 26- 25-49 
-yellow(10YR 6/8) ish brn. 
oxidized zones (2 . 5y 6/2) 
42-4? pebble-loam, some klinker dark gray- 31-41-28 34-24-42 
cobble zone at ish brn . 
e 44' -45' (2.5y 4/2) 
47-48 pebble-loam, grayish-brn 29-50-21 31-41-28 
contains frac- (2 . 5Y 5/2) 24-44-32 34-27-39 
tured iron-rich 
zone, 2-1" zones 
in pebble loam 
JJ 
WELL ll (011 LOC. 147-84-)tdaa 
cont ' d} 
ELEV. 1950' L 524. 4m TOTAL DEPI'H 6?' L 2014m 
e depth field description s pecial features color snd-slt-cly xl n-car b-sh fm 
47-52 pebble-loam as some klinker 29-40-31 42- 30-28 
abv 
52-53* pebble-loam and very dark . 
fine white sand gray 
(2 . 5Y NJ/) 81-12-7 53-27-20 LQ 
57- 59 sand 65-21-14 


















WELL# SQlZ LOC. 146-83-4:bbb ELEV. 198Q' L 6Q3 . 5m TOTAL DEPTH !1:2' L H1: . 3m 
e depth fie ld description special features color snd- slt-cly xln-carb-sh fm ft 
0-2 soil layer and pale yellow 35-3 -29 83-17-0 
pebble-loam (2 . 5Y 7 /4) 
2-7 pebble-loam some klinker light g/) 12-71-17 80-20-0 




7-8* pebble-loam, light g/) 46-33-21 88-12-0 
(2 . 5Y N7 ) 
light olive 
-brn. 
(2 • .5Y 5/4) 
7-12 pebble-loam grayish- 44-34-22 87-12-1 
brown 
(2 • .5Y 5/2) 
12-13 pebble-loam dark gray 29-38-33 61 -39-0 
9. 
12-17 pebble-loam dark gray 
( 5Y 4/1) 
28-38- 34 34-30-36 
e 17-18 pebble loam some lignite dark gray 30-37-33 42-25-33 ( 5Y 4/1) 
17-22 pebble-loam some lignite very dark 30-38- 32 36-31-33 
gray 
(2.5y NJ/) 
22-23 pebble-loam dark gray-
ish brn. 
28-37-35 30-28-42_ 
(2 • .5Y 4/2) 
22-27 pebble-loam as 25-64-11 37-23-40 
abv . 
27-28 pebble-loam abun . lign . , very dark 27-38-35 29-12-59 
some klinker gray 
(2.5Y N3/) 
27-32 pebble-loam, abun. lign. 26-38-36 29-21-50 ?. 
cobble zone 31' 
to 32' 
32-33 nebble-loam, dark gray 
cobble zone 33' (2 . 5Y N4/) 
to 34' , lrg . Sh. 
e cobble augered to surface at 33' 
37-38 l"ebble-loam abun . l ign . , dark gray 25-40-35 31-28-41 
some klinker (.5Y 4/1) 




WELL# 5Ql2 LOC. 146-83-4~bb ELEV. 
(cont'd) 
12so•L 603 . 5m TOTAL DEPTH 4Z' L 14. Jm 
e depth field description special f eatures color snd-slt-cl y xln-carb-sh f m 
~2-47 pebble-loam abun. lign., some olive-brn. JO-J8-J2 ~-17-45 





















WELL# 5013 LOC . 146-8J-4dad ELEV. 1965' / 598.9m TOTAL DEPTH 62' / 18.9m 
e depth field description special features color snd-slt-cly xln-carb-sh fm 
0-2 soi l zone and light brnis 22-3 -42 71-28-1 
silty pebble zone ray 
(2. 5Y 6/2) 
2-7 pebble-loam dark grayish J0-36-34 47-35-18 
-brn. 
(2. 5Y 4/2) 3. 
7-8* pebble- loam gray 
(5Y 5/1) 
29-35-36 60-27-13 
7-12 pebble-loam dark grayis 32-36-32 57-27-16 
-brn 
(2 . 5y 4/2) 
12-13 pebble-loam light olive 31-40-29 52-35-13 
brn. 
(2 . 5y 5/4) 
17-18 pebble-loam abun . red carbon- gray 30-39-31 38-15-48 
aceous ss, some (2.5y N6/) 
klinker 
17-22 t>ebble-loam gray 30-37-33 40-20-40 e (2 . 5Y N6/) 
22-23 pebble loam, silt mottled, light gray 26-40-34 26-20-54 
and clay inclns. olive-brn . (2.5Y N6/) 
(2 . 5y 5/4) 
22-27 pebble loam abun , lign , dark gray 27-40-33 34-19-47 
mottled (2 , 5Y N4/ ) 
27-28 pebble-loam mottled, light dark gray 29- 38- 33 40-23-37 
olive-brn. (2, 5Y N4/) 
(2,5Y 5/4) 
abun, lign., 
abun. red carb. 
ss 
32-JJ pebble-loam abun. lign . dark gray 
(5Y 4/1) 
28-39-33 37-16-47 
37-38 pebble-loam abun . lign. dark gray 
(5Y 4/1) 
29-37- 34 35-29- 36 
42-43 pebble-loam abun, lign . dark gray 
(5Y 4/1) to 
29- 37- 34 32- 28-40 
vecy dar1< 
e gray (5Y 3/1) 
47-48 pebble-loam abun . lign, dark gray 
(5Y 4/1) 
26-42-32 34-20- 46 
52-53 pebble-loam abun . lign. dark gray 31-38-31 
--
37 
WELL # 5Q13 LOC. 146-8) -4dad ELEV. 1262' L 228. 2m TOTAL DEPTH 62 • L 1s .2m 
e depth f i eld description special feat ures color snd- sl t -cly xl n-carb-sh fm 
57-~* pebble -loam abun. lign. lark gray 
~5Y 4/1) 
31-S/-J i::: J l-~j -46 
57- 62 pebble-loam abun. l i gn . ~rk gray 
(5Y 4/1) 
29-37-34 41-29-30 . 
62 pebble-loam abun . lign . kl.ark gray 
( 5Y 4/1 ) 


















WELL# 5015 LOC . 146-82-6cbb ELEV. 2012' L 6151 4m TOTAL DEPTH ~2·L 25m 
- f ield description special features color snd- s l t -cly xln- carb-sh fm • soil zone and olive-brown 35-34-31 71-2-27 pebble-loam (2 . 5Y 4/4) 
pebble-loam mottled olive-brown 
olive gray (2.5y 4/4) 
nebble-loam mottled olive-brow 32-37-31 27-35-38 
olive gray (2.5Y 4/4) 
nebble- loam mottled olive-bro 
olive gray (2 . 5Y 4/4) 
pebble-loam olive-bro 





22-23 pebble-loam olive-brow 32-35-33 38-23-39 9. .1-7,0I (2 .5Y 4/4) 
22-27 pebble-loam, 
(".1 - 8 .'l.3) gravel zone at 25 
ft. 
e 27-28 pebble-loam mottled olive-bro 28- 37- 35 26-19- 55 
8.l 9·S. (2.5Y 4/4) 
32- 33 nebble-loam mottled olive brow 27-38-35 28-19-53 
'1.1:r- 10.°' olive gray (2 .5Y 4/4) 
J7-?.8 pebble-loam mottled olive gray 25-39-36 46-23-31 .ll - .. ~-. olive gray, some 
klinker 
42-43 pebble-loam mottled olive gray 25-39-36 37-25-38 
'l, f - ll.1) olive brown , some 
klinker 
pebble-loam abun . gypsum rose olive gray 28- 36-36 35-21-44 
xtals., some 
klinker 
pebble-loam some klinker olive gray 29- 38- 33 41-26-33 
pebble-loam abun. lign. olive gray 31-38-31 40-32-28 
pebble-loam abun. lign . olive gray 31-38-31 39-24-37 
- nebble-loam abun. lign. olive gray 31-38-31 32-19-49 pebble-loam abun. lign. olive gray 34-35-31 41-26-33 
pebble-loam abun, l ign. olive gray 34-35-31 39-29-32 
39 
PERCENTAGZ.5 OF GR~l[ ..; r i...', Af D v....:RY COARSE SArm LITHOLOGY 
40 
VJELL ;t 50 14 
Percentagec 1f ·Grain S ize and Ve ry Coarse Sand Lithology 
• Depth . ( in metres) Snd Slt Cly Xln Garb Sh 3. 66-5.18 29 39 J2 43 33 24 Snow School 
5.18-5.49 30 37 33 34 39 37 Formation 
5.18-6.71 29 38 33 
6.71-7.01 31 35 34 45 25 JO 
6.71-8.23 JJ 34 33 45 J2 2J 
8.23-9.75 28 37 35 J8 25 37 Horseshoe Valley 
9.75-10.06 24 40 36 36 27 37 Formation 
9. 75-11. 28 29 38 33 39 JO Jl 
11. 28 - 11. 58 34 J4 31 40 40 20 
WELL #5008 
j J,96-5.49 39 J8 2J 60 35 5 Snow School 
5.49- 7.01 J2 39 29 53 Jc 11 Formation 
7.01-8 . 53 21 44 35 28 28 44 Medicine Hill 
8.5J-8.84 21 44 35 Fonnation 
8.5.3- 10.06 21 44 35 36 25 39 
1 O • o 6-11. 58 21 44 35 
11.58 21 44 35 25 19 56 
41 
~·iELL # 50 11 
Percentages of Grain Size an~ Very Coarse Sand Lithology 
• . Depth 
(in metres) Snd Sl t Cly Xln Garb Sh 
2.lJ-2.44 27 JS 35 46 40 14 Snow School 
J.66- 5.18 26 39 35 33 J6 31 Formation 
.5. 18-5. 49 29 38 JJ 49 29 22 
5.18-6.71 34 36 JO 36 25 39 
6 .71-8 . 23 39 33 28 44 27 29 Horseshoe,, Valley 
8.2J-9-7.5 32 JS JO - 36 25 39 
Formation 
9.75-10.06 JO 40 JO 41 28 31 
9-75-11.28 31 37 J2 44 20 J6 
12.80-13 . 11 28 46 26 26 25 47 Medicine Hill 
12.80-14.33 31 41 28 34 24 42 Formation 
, 14.33-14.63 24 44 
-; 
32 34 27 39 
. 
• WELL #5012 
-
O. 61·-2. 13 JO 36 34 47 35 18 Snow School 
2 . 13-2.44 29 35 36 60 27 13 Formation 
. 2.1~-3-66 32 36 32 57 27 16 
J . 66-3.96 31 40 29 52 35 13 
J.66-5.18 28 J8 34 34 JO 36 Horseshoe Valley 
5 . 18-5.49 JO 37 JJ 42 25 33 Formation 
5. 18-6. 71 JO JS 32 36 31 33 
6 , 71- 7,01 28 37 35 JO 28 t 2 Medicine Hill 
6 . 71-8.23 25 64 11 37 2J 40 Formation 
8. 23-8. 53 27 38 35 29 12 59 
8. 23-9.75 26 J8 36 29 21 50 
11. 28 -11. 58 25 40 35 31 28 41 
~ 
42 
~'JELL #50 13 
Pe r centages of Grain Size and Very Coars e Sand Lithology 
• Depth ( in metres) Snd Slt c5i{ Xln Carb Sh 0. 61-2.JJ JO J6 47 35 18 Snow School 
2 . JJ-2.44 29 35 J6 60 27 1J Formation 
2.JJ-J.66 J2 36 32 57 27 16 
J.66-3. 96 31 40 29 52 35 13 
6.71-7.01 26 40 34 26 20 54 Medicine Hill 7.01-8 . 23 27 40 33 34 19 47 Formation 
8.2]-8.53 29 JS JJ 40 23 37 
9 , 75- 10.06 28 39 JJ 37 16 47 
i• 11. 28 - 11 . 58 29 37 34 35 29 J6 , 
12.80-lJ.11 29 37 34 32 28 40 
14,3)-14.63 26 42 J2 J4 20 46 
15.85-16.15 Jl 38 Jl 
17,37-17.68 31 37 32 Jl 23 46 
.. 
,r .. - I WELL #5015 
2.13- 2 .44 32 37 Jl 27 35 38 Horseshoe Valley 3.66-J.96 JS 33 J2 24 43 33 Formation 
5.18-5.49 J4 33 33 44 Jl 25 
6,71-7,01 J2 35 JJ 38 23 39 
8.23-8.53 28 37 35 26 19 55 Medicine Hill 
9,75-10.06 27 J8 35 28 19 53 Formation 
11. 28 -11. 58 25 39 36 46 23 31 
12 . 80-lJ.11 25 39 J6 37 25 38 
14.JJ-14.63 28 36 36 35 21 44 
15.85-16.15 29 JS 33 41 26 33 
17.)7-17,68 31 38 Jl 40 32 28 
18.90-19 .20 31 JS 31 39 24 37 
/ 20.42- 20,?J Jl 38 Jl J2 19 49 - 21.95-22.25 J4 35 31 41 26 33 
23.47-23.77 J4 35 Jl 39 29 J2 
43 
Comments on Operation and Sampling with the B-50 Mobile LJrill 
The B-50 ~ .. obile Drill is the auger truck owned and 
operated by the North Dakota Geological Survey. The truck 
is a 2-ton International with four wheel drive . A separate 
six-cylinder auto engine is mounted on the truck . This 
engine turns a hydraulic pump , which feeds the hydraulic 
system, which turns the auger by means of a right-hand drive 
assembly. A hydraulic ram forces the auger into the ground 
while the auger is turning. The auger has three forward 
speeds and a reverse and three ranges for a combination of 
twelve speeds. 
Each auger flight is 1,5 metres long, is hollow through 
the center, is 8 inches in outside diameter , and has a 
square threaded male and female end for attachment to the 
other auger flights. 
The coring device , a 2 feet by 1 inch split-tube 
barrel , is screwed into the end of a heavy hammer and fits 
through the center of the auger flights. The hammer is raised 
and lowered by the truck-mounted hydraulically operated cable 
and winch . The core barrel is driven into the ground a little 
with each blow of the hammer. The auger flight string is kept 
clean by a self-locking , detachabl e center-bit attached to the 
same cable as the coring device. 
The following are observations and general rules of 
operating the B-50 drill truck: 
1. The truck get s very poor gas mileage . This factor 
may become a consideration as fuel prices rise 
and distant drill locations are considered. The 
0rill motor can run approximately 10 hours before 
refueling. 
44 
2 . The truck vibrates badly at speeds above 50 miles/ 
hour . It is necessary to leave early for distant 
locations if lower speeds are maintained . 
J. The four- wheel drive handles well on rough , dry , 
firm terrai n , but caution must be taken on wet 
mud , often all four wheels will become mired. 
4 . Two able bodied persons are needed to operate the 
auger and coring tool . The auger flight s weigh 
about 150 pounds each . 
5 , .Then leveling the truck to drill , it must be made 
as level as possible . A straight hole will pay off 
the deeper the hole gets . 
6 . Auger flight threads should be cleaned and greased 
before each use . 
7 . Coring vrnrks well in a dry hole, but is complicated 
if water fill the hole . The hammer slows in water 
and loses force , requiring many more blows to drive 
the core barrel into the sediment . If the sediment 
becomes soupy , it is very difficult to retain a 
sample in the barrel . Once a hole is begun , it 
should be completed . A dry hole might fill with 
water over night . 
8 . General safety precautions include : 
a) Above all, be caref'ul, before raisil'l.e; the tower 
check for electrical wires and never move the 
truck \Ii th the tower up . 
b) Check all hold-down straps before moving . 
An auger rack could swing out . Auger flights 
are stored in racks underneath the truck bed . 
c) A.lways check for gas pipelines or buried under-
ground cables before drilling . 
d) A hardhat should be worn . 
e) Steel-toed boots are a good idea . 
f) Flat soled shoes or rubber boots are desired 
over vibram soled boots because the soles pick 
up mud . 
g) Coveralls can eliminate a long clean- up at the 
end of the day but are hot and heavy. Cotton 
coveralls are preferred over polyester . 
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h) The hydraulic winch and coring tool should be 
handled with special care . The tool should be 
operated at i dle speed and a thorough knowledge 
and feel for t he controls should be developed 
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